All chemicals were of analytical grade and used as purchased without further purification.
3
Where C% is the value of carbon balance, m0 is the moles of toluene in the reactor after reaction; 7 is the number of carbon atoms in one toluene molecule; m1 (m2, m3…..mx) is the moles of product 1 (product 2, 3……x) in the reactor after reaction; n1 (n2, n3…..nx) is the number of carbon atoms in one molecule of product 1 (product 2, 3……x); mt is the mole of toluene substrate before reaction.
Supplementary Figure 1. XRD patterns of (a) S-1, (b) MnOx/S-1, and (c)
MnOx@S-1. All samples exhibit XRD peaks associated with typical MFI zeolite structure. In addition, it is difficult to observe the peaks related to MnOx crystals, indicating the high dispersion of the MnOx species. 
Supplementary Note 1
The oxygen desorption at low temperature (< 400 °C) is ascribed to the adsorbed oxygen, while oxygen desorption at high temperature (> 400 °C) is attributed to the lattice oxygen. Both samples exhibit similar desorption peaks assigned to adsorbed oxygen and lattice oxygen at 387-392 and 497-499 °C, respectively. [1] [2] [3] These results suggest their similar oxygen species. The reaction conditions are the same to those in Table 1 . † For comparison with the yields of benzonitrile, the yields of these nitrogen-free by-products were determined based on the amount of nitrogen in the feed, n-dodecane over MnOx@S-1 using gaseous ammonia.
Supplementary Note 2
Reaction conditions: 35 mg of catalyst, 28 mmol of substrate, 1.0 mmol of gaseous ammonia, 160 C, 4 h, 1.5 MPa of O2, the yields were determined based on the amount of nitrogen in the feed, n-dodecane was used as internal standard.
Yields of various nitriles (%) using various nitrogen sources.
Reaction conditions: 35 mg of catalyst, 28 mmol of toluene, 0.5 mmol of urea or other sources with equal amount of nitrogen , 160 C, 4 h, and 1.5 MPa of O2. The TOFs were calculated based on the total amount of metal atoms in the reaction system at a reaction time of 0.5 h. The yields were determined based on the amount of nitrogen atom, and n-dodecane was used as internal standard. † 80 mg of catalyst, 1.5 mmol of urea, and reaction time at 9 h. ‡ MnOx/S-1 catalyst was used.
⊥ molar ratio of urea/K2CO3 at 5.
& molar ratio of urea/K2CO3 at 1.
# molar ratio of urea/KCl at 2.5.
$ 0.5 mmol of CO2.
Supplementary Note 3
To investigate the role of carbonate, we artificially added K2CO3 into the reactor with The reaction conditions are the same to those in Supplementary Table 4 . † For comparison with the yields of benzontrile, the yields of these nitrogen-free by-products were based on the amount of nitrogen in the feed, n-dodecane was used as an internal standard. Yield = (amount of product) / (amount of nitrogen in the feed)*100%. 
Supplementary Note 4
Increasing the amount of MnOx@S-1 (entry 2) improved the yield of nitrile products very slightly. Prolonging the reaction time (entry 3) displays a significant enhancement of nitrile yields but being accompanied by decreased carbon balance values. This phenomenon is reasonably assigned to the side reaction of over oxidation-translating hydrocarbons to carbon dioxide (detected by gas chromatography with thermal conductivity detector), which is often observed in the oxidation of hydrocarbons. 4 Furthermore, we also attempted to enhance the catalysis by the initiator (e.g. TBHP). It has been well documented that the addition of a small amount of initiator can effectively improve the overall catalytic performances, and this method has been widely used in many oxidation system where oxygen is used as a major oxidant. [5] [6] [7] Interestingly, by adding a small amount of TBHP as initiator in the reaction system, it is found that the MnOx@S-1 shows remarkably enhanced yields of hexanenitrile and octanenitrile at 30.3 and 11.9%, and the carbon balance values were well maintained, demonstrating the positive role of TBHP in these reactions. are the same to those in Table 1 . * Note that this yield is from an independent catalytic test from that of entry 4 in Supplementary Figure 13 . Scheme describing that the MnOx/S-1 is active for the oxidative cyanation of both toluene and 1,3,5-trimethylbenzene, due to the lack of shape selectivity.
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